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Increasing the Dynamic Range of a MEMS Gyroscope 

EELD 

The present invention relates generally to microelectromechanical system 
(MEMS) gyroscopes, and more particularly, relates to increasing the dynamic range 
of a MEMS gyroscope. 



BACKGROUND 

Microelectromechanical systems (MEMS) integrate electrical and mechanical 
devices on the same silicon substrate using microfabrication technologies. The 
electrical components are fabricated using integrated circuit processes, while the 
mechanical components are fabricated using micromachining processes that are 
compatible with the integrated circuit processes. This combination makes it possible 
to fabricate an entire system on a chip using standard manufacturing processes. 

One common application of MEMS is the design and manufacture of sensor 
devices. The electro-mechanical portion of the device provides the sensing capability, 
while the electronic portion processes the information obtained by the electro- 
mechanical portion. One example of a MEMS sensor is a MEMS gyroscope. 

A type of MEMS gyroscope uses a vibrating element to sense angular rate 
through the detection of a Coriolis acceleration. The vibrating element is put into 
oscillatory motion in the X-axis (drive plane), which is parallel to the substrate. Once 
the vibrating element is put in motion, it is cjqpable of detecting angular rates induced 
by the substrate being rotated about the Z-axis (input plane), which is parallel to the 
substrate. The Coriolis acceleration occurs in the Y-axis (sense plane), which is 
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perpendicular to both the X-axis and the Z-axis. The Coiiolis acceleration produces a 
motion that has an amplitude that is proportional to the angular rotation rate of the 
substrate. 

The dynamic range of an angular rate sensor device is the ratio of the highest 
5 sensed rate to the lowest sensed rate. A large dynamic range is usually desirable as 
long as the resolution of the sensor device is not compromised. The highest sensed 
angular rate for some MEMS vibratory gyroscopes may be approximately 1000 
degrees/second, which limits the dynamic range of the device. 

The scale factor of the sensor device is the ratio of the change in output to a 
0 unit change of the input. For example, if the scale factor of a MEMS gyroscope is set 
at 0.0025 volts/degree/second for a MEMS gyroscope with an operating voltage of 2.5 
volts, and the angular rate input is 1000 degrees/second, then the output of the MEMS 
gyroscope will be 2.5 volts. If the highest sensed angular rate for the MEMS 
vibratory gyroscope is 1000 degrees/second and the angular rate goes above 1000 
5 degrees/second, the output of the MEMS gyroscope will remain at 2.5 volts. There 
are many ^plications, such as an Inertial Measurement Unit for smart munitions, 
which require the MEMS gyroscope to have a larger dynamic range. 

Therefore, it would be desirable to iocrease the dynamic range of a MEMS 
gyroscope. By adjusting the scale factor of the MEMS gyroscope, the highest sensed 
0 angular rate may be increased, thereby increasing the dynamic range of the device. 

SUMMARY 

According to a first embodiment, a systOTi and method for increasing a 
dynamic range of a MEMS gyroscope is presented. The MEMS gyroscope includes 
at least one sense plate. Sense electronics are connected to the at least one sense 
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plate. A variable sense bias operable to apply a sense bias voltage is also connected 
to the at least one sense plate. The sense electronics provides an angular rate output. 
A maximum value of the angular rate output can be adjusted by changing the sense 
bias voltage, thereby increasing the dynamic range of the MEMS gyroscope. 

S According to a second embodiment, a system and method for increasing the 

dynamic range of the MEMS gyroscope is presented. The MEMS gyroscope includes 
the at least one sense plate. The sense electronics axe connected to the at least one 
sense plate. The sense electronics provides the angular rate output. The sense 
-electronics includes a gain. The gain is part of an automatic gain control loop. The 

0 automatic gain control loop is a feedback loop formed by connections between the 
gain, FET switches, and a microprocessor. The maximum value of the angular rate 
output can be adjusted by changing the gain of the automatic gain control loop, 
thereby increasing the dynamic range of the MEMS gyroscope. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Presently preferred embodiments are described below in conjunction with the 
appended drawing figures, wherein like reference numerals refer to like elements in 
the various figures, and wherein: 

Fig. 1 is a plan view of a MEMS gyroscope, according to an exemplary 
0 embodiment; 

Fig. 2 is a plan view of a MEMS gyroscope system, according to an exemplary 
embodiment; 

Fig. 3 is a simplified block diagram of sense electronics, according to an 
exemplary anbodiment; and 
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Fig. 4 is a schematic of an automatic gain control loop, according to an 
exemplary embodiment, 

DETAILED DESCRIPTION 
Fig. 1 shows a plan view of a microelectromechanical system (MEMS) 

5 gyroscope 100 according to an exemplary embodiment While Fig. 1 shows the 
MEMS gyroscope 100 as a tuning fork gyroscope, other MEMS vibratory gyroscopes 
that use a Coriolis acceleration to detect rotation, such as an angular rate sensing 
gyroscope, may also be used. The MEMS gyroscope 100 may be formed on a 
substrate and may include at least one proof mass 102a, 102b; a plurality of support 

0 beams 104; at least one cross beam 106a, 106b; at least one motor drive comb 108a, 
108b; at least one motor pickofif comb 110a, 110b; at least one sense plate 112a, 1 12b; 
and at least one anchor 1 14a, 1 14b. 

The at least one proof mass 102a, 102b may be any mass suitable for use in a 
MEMS gyroscope system. Tn 2l preferred embodiment, the at least one proof mass 

5 102a, 102b is a plate of silicon. Other materials that are compatible with 
micromachining techniques may also be employed. Fig. 1 shows two proof masses; 
however, one or more proof masses maybe employed. 

The at least one proof mass 102a, 102b may be located substantially between 
the at least one motor drive comb 108a, 108b and the at least one motor picko£f comb 

0 1 1 Oa, 1 1 Ob. The at least one proof mass 1 02a, 1 02b may contain a plurality of comb- 
like electrodes extending towards both the at least one motor drive comb 108a, 108b 
and the at least one motor pickoff comb 110a, 110b. While the at least one proof 
mass 102a, 102b has ten electrodes as depicted in Fig. 1, the number of electrodes on 
the at least one proof mass 102a, 102b may be more or less than ten. 
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nie at least one proof mass 102a, 102b may be supported above the at least 
one sense plate 112a, 112b by the plurality of support beams 104. While eight 
support beams 104 are dq)ict6d in Fig. 1, the number of support beams used may be 
more or less than eight. The plurality of support beams 104 may be beams 

5 micromachined from a silicon wafer. The plurality of support beams 104 may act as 
springs allowing the at least one proof mass 102a, 102b to move within the drive 
plane QC-axis) and the sense plane (Y-axis). (See Fig. 1 for axis information.) 

The pluraUty of support beams 104 may be connected to at least one cross 
beam 106a, 106b. The at least one cross beam 106a, 106b may be connected to at 

0 least one anchor 1 14a, 1 14b providing support for the MEMS gyroscope 1 00. The at 
least one anchor 1 14a, 1 14b may be connected to the underlymg substrate. While two 
anchors 1 14a, 11 4b are depicted in Fig. 1, the number of anchors may be more or less 
than two. The at least one anchor 1 14a, 1 14b may be positioned along the at least one 
cross beam 106a, 106b in any manner that provides support to the MEMS gyroscope 

5 100. 

The at least one motor drive comb 108a, 108b may include a plurality of 
comb-like electrodes extending towards the at least one proof mass 102a, 102b. 
While the at least one motor drive comb 108a, 108b has four electrodes as depicted in 
Fig. 1, the number of electrodes on the at least one motor drive comb 108a, 108b may 
0 be more or less than four. The number of the electrodes on the at least one motor 
drive comb 108a, 108b may be determined by the number of electrodes on the at least 
one proof mass 102a, 102b. 

The plurality of interdigitated comb-like electrodes of the at least one proof 
mass 102a, 102b and the at least one motor drive comb 108a, 108b may form 
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capacitors. The at least one motor drive comb 108a, 108b may be connected to drive 
electronics, not shown in Fig. 1. The drive electronics niay cause the at least one 
proof mass 102a, 102b to oscillate at substantially a tuning fork frequency along the 
drive plane (X-axis) by using the capacitors formed by the plurality of interdigitated 

5 comb-like electrodes of the at least one proof mass 102a, 102b and the at least one 
motor drive comb 108a, 108b. 

The at least one motor pickoff comb UOa, 110b may include a plurality of 
comb-like electrodes extending towards the at least one proof mass 102a, 102b. 
While the at least one motor pickoff comb 110a, 110b has four electrodes as depicted 

.0 in Fig. 1, the number of electrodes on the at least one motor pickoff comb 1 10a, 1 10b 
may be more or less than four. The number of the electrodes on the at least one motor 
pickoff comb 110a, 110b may be determined by the number of electrodes on the at 
least one proof mass 102a, 102b. 

The plurality of interdigitated comb-like electrodes of the at least one proof 

.5 mass 102a, 102b and the at least one motor pickoff comb UOa, UOb may form 
capacitors, which may allow the MEMS gyroscope 100 to sense motion in the drive 
plane (X-axis), 

The at least one sense plate 1 12a, 1 12b may form a parallel capacitor with the 
at least one proof mass 102a, 102b. If an angular rate input is applied to the MEMS 
!0 gyroscope 100 along the input plane (Z-axis) while the at least one proof mass 102a, 
102b is oscillating along the drive plane CX-axis), a Coriolis force may be detected as 
a displacemoit or motion in the sense plane (Y-axis). The parallel capacitor may be 
used to sense the displacement or motion in the sense plane (Y-axis). 

The output of the MEMS gyroscope 100 may be a signal proportional to the 
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change in capacitance. The signal may be a current if a sense bias voltage is applied 
to the at least one sense plate 112a» 112b. The at least one sense plate 112a, 112b 
may be connected to sense electronics, not shown in Fig. L The sense electronics 
may detect the change in capacitance as the at least one proof mass 1023, 102b moves 
5 towards and/or away from the at least one sense plate 1 12a, 1 12b. 
First Embodiment 

Fig. 2 shows a plan view of a MEMS gyroscope system 200. The MEMS 
gyroscope system 200 may include a MEMS gyroscope 216, sense electronics 218, 
and a variable sense bias 222. The MEMS gyroscope system 200 may also include 

0 drive electronics, a system power source, and other typical operational electronics, 
which are not shown in Fig. 2 for simplification. The MEMS gyroscope 216 may be 
substantially the same as the MEMS gyroscope 100 as depicted in Fig. L 

The sense electronics may be comiected to the at least one sense plate 212a, 
212b. The sense electronics 218 may be any combination of signal conditioning 

5 electronic circuitry operable to convert an AC current to a DC voltage. The sense 
electronics 218 may be operable to convert a current created by the change in 
capacitance as the at least one proof mass 202a, 202b moves towards and/or away 
fi*om that at least one sense plate 212a, 212b to a DC voltage that is proportional to 
the angular rate input detected by the MEMS gyroscope 216. 

:0 An angular rate output 220 may be an output of the sense electronics 218. 

The angular rate output 220 may be the DC voltage that is proportional to the angular 
rate input detected by the MEMS gyroscope 216. A scale factor of the MEMS 
gyroscope 216 may limit a maximum value of the angular rate output 220. The scale 
factor may be a correlation between the angular rate input detected by the MEMS 
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gyroscope 216 and the DC signal related to the angular rate output 220. The scale 
factor may be proportional to a sense bias voltage applied to the at least one sense 
plate 212a, 212b. For example, the sense bias voltage for a typical MEMS gyroscope 
may be +/- 5 volts. By changing the sense bias voltage, the scale factor may be 
modified. 

The maximum value of the angular rate output 220 may limit the dynamic 
range of the MEMS gyroscope system 200. For example, if the angular rate output 
220 has a maximum voltage of 2.5 volts, the scale factor is 0.0025 
volts/degrees/second, and an angular rate input more than 1000 degrees/second is 
subjected to the MEMS gyroscope, any angular rate input above 1000 degrees/second 
may also produce an output of 2.5 volts. 

The variable sense bias 222 may be a device or combination of devices 
operable to apply a variable sense bias voltage to the at least one sense plate 212a, 
212b. For example, the variable sense bias 222 may be a set of switches connected to 
a variable power supply. By providing the variable sense bias 222, the sense bias 
voltage may be adjusted based on the angular rate input to the MEMS gyroscope 216. 
For example, the variable sense bias 222 may be operable to apply a range of voltages 
fix)m +5 volts to -5 volts. 

For example, the sense bias voltage may be substantially +/- 5 volts when the 
angular rate input is less than 1000 degrees/second. However, the sense bias voltage 
may be changed by the variable sense bias 222 when the angular rate input is 
substantially above 1000 degrees/second. By changing the sense bias voltage, the 
scale factor may be changed, thereby allowing the MEMS gyroscope to detect angular 
rate inputs above 1000 degrees/second, which iucreases the dynamic range of the 
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MEMS gyroscope 216. 

Second Embodiment 

Fig. 3 is a simplified block diagram of sense electronics 300. The sense 
electronics 300 may provide signal conditioning operable to convert an output of the 
5 MEMS gyroscope 100 (see Fig. 1) to a signal that may be used by other electronic 
devices, such as an inertial measurement unit. The sense electronics 300 may also be 
operable to perform other functions, such as providing feedback signals to the drive 
electronics. 

The sense electronics 300 may include an AC gain 306, a demodulator 308, a 
D low pass filter 310, and a DC gain 312. Components of the sense electronics 300 are 
rq)resented by simple shapes to demonstrate that a variety of different electronic 
devices or combination of devices may be used for each of the components included 
hi the sense electronics 300. Additional circuitry not depicted in Fig. 3 may also be 
included in the sense electronics 300. 
5 An input to the sense electronics 300 may be a current created by the change 

in capacitance as the at least one proof mass 102a, 102b moves towards and/or away 
from the at least one sense plate 1 12a, 1 12b. Sense plate 302 may be substantially the 
same as the at least one sense plate 1 12a, 1 12b of the MEMS gyroscope 100. While 
only one sense plate is dq)icted in Fig. 3, the sense electronics 300 may be replicated 
:0 for each additional sense plate used in the MEMS gyroscope 100. Alternatively, the 
sense electronics 300 may be designed to provide signal conditioning for more than 
one sense plate. 

The AC gain 306 may be any device operable to convert a current to an AC 
voltage. The AC gain 306 may be an operational amplifier with feedback resistance 
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and capacitance. However, other types of amplifiers may be used. The AC gain 306 

may be operable to convert the detected current from' the output of the sense plate 302 

to an AC voltage. The AC gain 306 may integrate the current and amplify the result 

of the integration, producing tiie AC voltage. 

The demodulator 308 may be any device operable to multiply the output of the 
AC gain 306 with a clock signal. The clock signal may be generated by the drive 
electronics and may be substantially at the tuning foik frequency of the at least one 
proof mass 102a, 102b. The demodulator 308 may convert the output of the AC gain 
306 to a DC voltage. The DC voltage may be proportional to the angular rate input 
detected by the MEMS gyroscope 100. 

The low pass filter 310 may be used to set a break ftequency. By using a low 
pass filter 310, imwanted signals with higher frequencies may be blocked. For 
example, by setting the break frequency at 100 Hertz, the sense electronics 300 will 
only allow signals with frequencies at or below 100 Hertz to be passed through the 
filter 310 to the DC gain 312. 

The DC gain 312 may amplify the output of the low pass filter 310. The DC 
gain 312 may be an operational amplifier with feedback resistance and capacitance. 
However, other types of amplifiers may be used. An output of the DC gain 312 may 
be an angular mte output 304. 

The angular rate output 304 may be proportional to the angular rate input 
detected by the MEMS gyroscope 100. However, the angular rate output 304 may be 
limited by the scale factor of the MEMS gyroscope 100. For example, if the angular 
rate output 304 has a maximum voltage of 2.5 volts, the scale factor is 0.0025 
volts/degrees/second, and an angular rate input more than 1000 degrees/second, then 
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any angular rate inputs above 1000 degrees/second may also produce an angular rate 

output signal of 2.5 volts. In this example, the output signd of the MEMS gyroscope 
would not change above 1000 degrees/second, making the sensor essentially non- 
functional. 

By adjusting the scale factor, the MEMS gyroscope 100 may be able to detect 
an angular rate input greater than 1000 degrees/second. An automatic gain control 
loop operable to change an output of the AC gain 306 and/or the DC gain 312 may be 
used to adjust the scale factor. 

Fig. 4 is a schematic of an automatic gain control loop 400. The automatic 
gain control loop 400 may be integrated into the AC gain 306 or DC gain 312. In a 
preferred embodiment, the automatic gain control loop 400 may be integrated into the 
DC gain 312. The automatic gain control loop 400 maybe a feedback loop formed by 
connections between a gain 404, field effect transistor (FET) switches 408, and a 
microprocessor 410. The gain 404 is substantially the same as the AC gain 306 or the 
DC gain 312 as depicted in Fig. 3. The FET switches 408 may be a DG201 analog 
switch available from Vishay Siliconix or other integrated circuit manufacturers. 

Sense plate 402 may be substantially the same as the at least one sense plate 
112a, 112b of the MEMS gyroscope 100 (see Fig. 1). If the gain 404 is substantially 
the same as the AC gain 306, an output of the sense plate 402 may be connected to an 
input of the gain 404 through a resistor. However, if the gain 404 is substantially the 
same as the DC gain 312, there may be additional signal conditioning components 
between the sense plate 402 and the gain 404. 

Angular rate output 406 may be substantially the same as the angular rate 
output 304 depicted in Fig. 3. If the gain 404 is substantially the same as the DC gain 
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312, an output of the gain 404 may provide the angular rate output 406. However, if 

the gain 404 is substantially the same as the AC gain 306, there may be additional 

signal conditioning performed on the output of the gain 404 prior to the angular rate 

output 406. 

An output of the gain 404 may be connected to the microprocessor 410 and to 
the FET switches 408. The microprocessor 410 may be operable to detect a voltage 
level at the output of the gam 404, The voltage level may be an AC voltage level if 
the gain 404 is substantially the same as the AC gain 306, or a DC voltage level if the 
gain 404 is substantially the same as the DC gain 312. 

The microprocessor 410 may compare the output of the gain 404 with a 
reference voltage 412. The reference voltage 412 may be substantially the same as 
the sense bias voltage. In a typical MEMS gyroscope system, the sense bias voltage 
may be +/- 5 volts. However, other reference voltages may be used. For example, the 
reference voltage may be the sense bias voltage produced by the variable sense bias 
222 of the MEMS gyroscope system 200 shown in Fig. 2. 

An output of the microprocessor 410 may be connected to an input of the FET 
switches 408. If the microprocessor 410 determines that the scale factor requires 
adjustment to allow detection of the angular rate input, the microprocessor 410 may 
be operable to open and close each of the FET switches 408. By selecting which of 
the switches tp open and to close, the microprocessor 410 may control tiie value of the 
scale factor. 

The FET switches 408 may be connected to an input of the gain 404 through 
resistors. A feedback resistance of the gain 404 may be determined by which of the 
FET switches 408 are open and which of the FET switches 408 are closed. For 
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example, the feedback resistance may be 100 times greater with all the switches 

closed than when all the switches are opened. The output of the gain 404 may be 

determined by an amount of feedback resistance. As the output of the gain 404 is 

adjusted, the microprocessor 410 detects the change and the feedback loop is 

repeated. 

The microprocessor 410 may also provide a scale factor ou^ut 414. The scale 
factor output 414 may be a digital signal that transmits the scale factor value to 
another device. The scale factor output 414 may be changed as the automatic gain 
control loop 400 adjusts the output of the gain 404. For example, the microprocessor 
410 may transmit the scale factor output 414 to an inertial measurement unit. 

By providing the automatic gain control loop 400, the scale factor may be 
adjusted based on the angular rate input to the MEMS gyroscope 100. For example, 
the scale factor may be reduced when the angular rate input is above 1000 
degrees/second. By adjusting the scale factor, the dynamic range of the MEMS 
gyroscope 100 may be increased. The automatic gain control loop 400 may also be 
used in conjunction with the variable sense bias 222 of the MEMS gyroscope system 
200. 

It should be understood that the illustrated embodiments are exemplary only 
and should not be taken as limiting the scope of the present invention. While a 
MEMS tuning fork gyroscope is employed to illustrate the invention, the present 
iavention also apphes to other MEMS vibratory gyroscopes that use the CorioUs 
acceleration to detect rotation and to any device that includes a MEMS vibratory 
gyroscope. The claims should not be read as limited to the described order or 
elements unless stated to that effect Therefore, all embodiments that come withtn the 
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scope and spirit of the following claims and equivalents thereto are claimed as the 

invention. 
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WE CLAIM: * ' 

The embodiments of the uxvention in which an exclusive property or right is claimed 

are defined as follows: 

1. A system for increasing a dynamic range of a MEMS gyroscope, comprising 
in combination: 

a MEMS gyroscope including at least one sense plate; 

sense electronics connected to the at least one sense plate, wh^ein the sense 
electronics provide an angular rate output; and 

a variable sense bias operable to ^ly a sense bias voltage to the at least one 
sense plate. 

2. The system of Claim 1, wherein the MEMS gyroscope is a tuning fork 
gyroscope. 

3. The system of Claim 1, wherein the MEMS gyroscope uses a CorioUs 
acceleration to detect an angular rate input. 

4. The system of Claim 1, wherein the sense electronics is operable to convert a 
current to a DC voltage. 

5. The system of Claim 4, wherein the DC voltage is proportional to an angular 
rate input detected by the MEMS gyroscope. 
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6. The system of Claim 1, wherein the angular fate output is a DC voltage that is 
proportional to an angular rate input detected by the MEMS gyroscope. 

5 7. The system of Claim 1, wherein the variable sense bias adjusts the sense bias 
voltage based on an angular rate input detected by the MEMS gyroscope. 

8. A system for increasing a dynamic range of a MEMS gyroscope, comprising 
in combination: 

.0 a tuning fork gyroscope including at least one sense plate; 

sense electronics connected to the at least one sense plate, wherein the sense 
electronics is operable to convert a current to a DC voltage, and wherein the DC 
voltage is proportional to an angular rate input detected by the tuning fork 
gyroscope; and 

.5 a variable sense bias operable to apply a sense bias voltage to the at least one 

sense plate, wherein the sense bias voltage is adjusted based on the angular rate 
input detected by the tuning fork gyroscope. 

9. A method for increasing a dynamic range of a MEMS gyroscope, comprising 
:0 connecting a variable sense bias to at least one sense plate of the MEMS gyroscope, 

wherein the variable sense bias is operable to apply a sense bias voltage to the at least 
one sense plate. 

10. The method of Claim 9, wherein the variable sense bias adjusts the sense bias 
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voltage based on an angular rate input detected by the MEMS gyroscope. 

11. A system for increasing a dynamic range of a MEMS gyroscope, comprising 
in combination: 

a MEMS gjTOscope including at least one sense plate; 

sense electronics connected to the at least one sense plate, wherein the sense 
electronics includes a gain; and 

an automatic gain control loop, wherein the automatic gain control loop is a 
feedback loop foimed by connections between the gain, FET switches, and a 
microprocessor. 

12. The system of Claim 11, wherein the MEMS gyroscope is a tuning fork 
gyroscope. 

13. The system of Claim 11, wherein the MEMS gyroscope uses a Coriolis 
acceleration to detect an angular rate input. 

14. The system of Claim 1 1, wherein an output of the gain is connected to the FET 
switches and the microprocessor. 

15. The system of Claim 14, wherein the microprocessor is operable to detect a 
voltage level at the output of the gain. 

16. The system of Claim 15, wherem the microprocessor is operable to compare 
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the voltage level at the output of the gain with a reference voltage. 

17. The system of Claim 16, wherein the reference voltage is substantially the 
same as a sense bias voltage applied to the at least one sense plate. 

18. The system of Claim 17, wherein the sense bias voltage is produced by a 
variable sense bias. 

19. The syst^ of Claim 18, wherein the variable sense bias is operable to adjust 
the sense bias voltage based on an angular rate input detected by the MEMS 
gyroscope. 

s 

20. The system of Claim 11, wherein the microprocessor is operable to open and 
close the FET switches, fliereby controlling a scale factor of the MEMS gyroscope. 

21. The system of Claim 11, wherein the FET switches are comiected to an input 
of the gain through resistors. 

22. The systOTi of Claim 1 1 , wherein an output of the gain is deteraiined by which 
of flie FET switches are open and which of the FET switches are closed. 

23. The system of Claim 11, wherein the microprocessor provides a scale factor 
output. 
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24. A system for increasmg a dynamic range of a MEMS gyroscope, con^rising 
in combination: 

a tuning fork gyroscope including at least one sense plate; 

sense electronics connected to the at least one sense plate, wherein the sense 
electronics includes a gain; and 

an automatic gain control loop, wherein the automatic gain control loop is a 
feedback loop formed by the connections between the gain, FET switches, and a 
microprocessor, wherein the microprocessor is operable to detect a voltage level at 
the output of the gain and compare the voltage level with a reference voltage, and 
wherein the microprocessor is operable to open and close the FET switches, 
thereby controlling a scale factor of the tuning fork gyroscope. 

25. The system of Claim 24, wherein the microprocessor provides a scale factor 
output. 

26. A method for increasing a dynamic range of a MEMS gyroscope, comprising 
in combination: 

detecting an output of a gain located in sense electronics, wherein the sense 
electronics are connected to a MEMS gyroscope; 

comparing the output of the gain with a reference voltage; 

adjusting the output of the gain, thereby controlling a scale factor of the 
MEMS gyroscope. 

27. The method of Claim 26, further comprising providing a scale factor output. 
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28. The method of Claim 26, wherein the output of the* gain is connected to FET 
SAvitches and a microprocessor. 

29. The method of Claim 28, wherein the microprocessor is operable to detect a 
voltage level at the output of the gain. 

30. The method of Claim 29, wherein the microprocessor is operable to compare 
the voltage level at the output of the gain with the reference voltage. 

31. The method of Claim 28, wherein the FET switches are connected to an input 
of the gain through resistors, 

32. The method of Claim 31, wherein the microprocessor is operable to open and 
close the FET switches. 

33. The method of Claim 32, wherein the output of the gain is determined by 
which of the FET switches are open and which of the FET switches are closed. 
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